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Since they do not easily crystallize, polymers are probably the most extensively studied systems in relation to the 
glass-transition phenomenon and its associated structural relaxation (the so called α-relaxation or segmental 
relaxation in the case of polymers). They are thus implicitly considered as “standard” glass-forming systems. In 
fact they show for the α-relaxation a phenomenology qualitatively similar to that exhibit by other “fragile” (in 
the Angell’s terminology) glass-formers. In particular: (i) non-Arrhenius temperature dependence of the 
relaxation times; (ii) non-exponential relaxation functions. However, in spite of these similarities, the 
macromolecular character of the structural units of polymers must not be forgotten, as well as the chain 
connectivity, which plays an essential role in the dynamics of these systems. The most evident (and known) 
signature of this ingredient is the sub-linear increase in the mean squared displacement (“Rouse-like”, <r2(t)> ∝ 
t0.5) arising after the de-caging process (α-relaxation) in contrast to the linear regime (centre-of-mass diffusion, 
<r
2(t)> ∝ t) found in non-polymeric glass-formers. That means that the α-relaxation does not determine 
macroscopic diffusion and viscosity in this type of systems. Another peculiarity of polymers is that apart from 
librations of fast rotational motions of methyl groups, every motion, as local as it is, involves jumps over carbon-
carbon rotational barriers and/or conformational changes in the macromolecular chain. Due to chain connectivity 
and intra-molecular barriers, each conformational transition induces a perturbation that propagates along the 
chain backbone and influences the neighbouring atoms within the same macromolecule. 
In this talk we will focus on the role of intra-molecular barriers on the dynamics of glass-forming polymers and 
the glass-transition. Firs of all we will present quasi-elastic neutron scattering results of different polymer melts 
combined with fully atomistic molecular dynamics (MD) simulations [1-3]. These results are analyzed within the 
framework of the mode coupling theory (MCT) – the only microscopic theory available for the glass transition. 
This theory was first derived for mono-atomic hard-sphere systems and later on extended to more complex 
systems, including fully flexible bead-spring chains as simple models for polymer melts. We will show that the 
application of this theory to real polymers (i.e., including intra-molecular barriers) is still possible but yields an 
unusually large value of the so-called MCT exponent parameter. This result is also confirmed by a computer 
simulation study of a simple bead-spring polymer model that includes intra-molecular barriers of which strength 
is systematically tuned [4,5]. In the framework of the MCT, these results strongly suggest that the dynamic arrest 
in glass-forming polymers takes place by a competition between two different mechanisms: general packing 
effects and polymer specific intra-molecular barriers, establishing a fundamental difference between the nature 
of the glass transition in polymers and in simple glass-formers.       
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